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THE LIQUID CRYSTAL DISPLAY WITH WIDE VIEWING ANGLE AND 
' ^TOETHO DI POR MAKmgiT— — ^ 

Field of the Invention 

The present invention relates generally to the field of electronics and may be used for making 
displays and, in particular, liquid crystal information displays, panels, cells e.t.c. 



Prior Art 



The methods for makin g liquid crystal displays are known [LC.Khoo, S.T.Wu, Optics and 
nonlinear optics of liquid crystals (World Scientific, London) 1993, 390p - 1], Basically, they 
consist of depositing on two flat substrates electrical conductive and planar alignment layers 
and filling the space between the substrates with liquid crystal with positive dielectric 
anisotropy. Orientation of the liquid crystal is gradually twisted to 90° in the plane of the 
substrates. Polarization of the light passing such display is similarly twisted and in crossed 
polaroids it transmits light. By applying electric field to the electrodes optical axis of the liquid 
crystal is reoriented perpendicular to the electrodes and such device does not rotate more the 
light polarization. Due to this in crossed polaroids such device does not transmit light. A set of 
bright and dark elements makes any picture, half-tone picture as well, because the degree of 
light transmission gradually depends on the value of the applied voltage. 

There are also known liquid crystal devices and methods for making them, as that one 
described in [S.T.Wu, C.S.Wu, SID Digest 27, 763 (1996) - 2]. According to it a chiral liquid 
crystal with ne gative dielectric anisotropy is placed between the substrates supp lied wit h 
electrically conductive electrodes and homeotropically aligning coatings. In crossed polaroids 
such device does not transmit the lighT~Under applied electric field optical axis of the liquid 
crystal tends to orient perpendicular to the electric field in the whole space between the 
substrates. Given the chirality of the liquid crystal is such that the pitch of its spontaneous twist 
equals for times the liquid crystal thickness, then under the electric field the liquid crystal 
spontaneously twists to 90°. In the vicinity of the substrates orientation of the liquid crystal is 



WO 98/57222 PCT/BY98/00004 

2 - - - 

which is caused either by the anisotropy of the design, or by the residual anisotropy of 
the homeotropically aligning coating. With polaroids oriented parallel to the liquid 
crystal optical axis close to the adjacent substrate (and consequently perpendicularly to 
each other) one can provide such conditions, when polarization of the light follows the 
liquid crystal orientation. With electric field applied, such device transmits light, the 
amount of which may be gradually reduced by decreasing the applied voltage. 
The drawback of this device, as well as of that one described in [I], is strong dependence 
of its transmission on the incidence angle of ight. As a consequence, at some observation 
angles strong decrease of the contrast and even its inversion are observed. 
According to the technical reference, which is the closest to the proposed one from the 
point of view of its technical content, to reduce this undesirable phenomenon the known 
method [1] is modified so, that the area of each pixel consists of domains with various 
possible orientation of the liquid crystal in the plane of the substrates [M.Schadt, 
Proc.SID'97, 24. 1 (1997).- 3]. This is achieved by depositing photocured polymer coating 
with the subsequent irradiation of different domains of a pixel with ultraviolet light of 
various polarization (applying multiple photolithography with precise alignment). 
Liquid crystal alignment at the surface of such coating is determined by the polarization 
of the polymerizing radiation and therefore is different in different domains of a pixel. In 
such a case, light transmission of each pixel is the sum of the transmissions of domains 
with different orientation of the liquid crystal and therefore does not depend on the 
azimuthal viewing angle. This also eliminates inversion of the intermediate transmission 
levels. Complexity and high cost (due to multiple photolithography) are the drawbacks 
of this Technical reference. 

Another device is commonly used. [N.Yamagishi, H.Watanabe, K.Yokoyama, 'Japan 
Display 89', 316 (1989) - 4], according to which the viewing angle of liquid crystal devices 
is improved by using special retardation films between the liquid crystal layer and 
polaroids. Unfortunately, this increases the cost of such devices. 

Summary of the Invention 

The object of invention is to simplify the method for making liquid crystal devices by 
reducing the number of technological operations and consequently to reduce the cost of 
liquid crystal display without sacrificing the quality (wide viewing angle). 
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To achieve this, the electric field applied to the liquid crystal in such display has the non- 
uniform component parallel to the plane of the substrates, which leads to the non- 
uniform reorientation of the aforementioned liquid crystal in the space between the 
aforementioned electrodes within the pixel area and hence improves optical properties of 
5 this display in various directions of observation. 

According to the method electrically conducting and homeotropically aligning layers are 
deposited on the surfaces of two fiat substrates, faced to each other and fill the space 
between these substrates with the liquid crystal possessing negative dielectric anisotropy. 
Without electric field the liquid crystal molecules are orthogonal to the substrates and 

10 this device does not transmit light in crossed polaroids. Under electric field liquid crystal 
reorients perpendicular to the electric field not uniformly across the pixel area, but 
according to the direction of the in-plane component of the electric field. In this way the 
domains with different (including opposite) orientation of liquid crystal are formed. At 
various viewing angles different domains have different transmission levels and 

15 transmittance of the whole pixel equals to some averaged value. Due to this the 
phenomenon of inversion of levels with intermediate transmission is reduced for all 
observation angles, as this takes place in the known device [3] . 

One can also use non-chiral as well as chiral liquid crystal. In the first case, light 
transmittance of the liquid crystal between crossed polaroids planarly aligned by the 
electric field is caused only by birefringence of the liquid crystal. To maximize 
transmittance under electric field one should align polaroids at 45° to the optical axis of 
the liquid crystal and the doubled product of the liquid crystal thickness by its 
birefringence should be equal to the odd number of the light wavelengths. There are four 
possible variants of such orientation of the liquid crystal and the case, when all four 
25 kinds of these domains occupy similar area, meets the requirements of this invention best 
of all. Due to decrease of the light transmittance with the deviations of the liquid crystal 
from optimal orientation, the maximal transmittance value can be achieved when under 
electric field the liquid crystal forms domains with uniform orientation of the liquid 
crystal within the domain area, the aforementioned orientation having 45° angle with the 
30 polaroids direction. 

Transmittance of the twisted nematic liquid crystal structure between crossed polaroids 
depends on the orientation of the liquid crystal axis in their vicinity relative to the 
polaroids axes. In the case they coincide and the product of the liquid crystal thickness 
by its birefringence exceeds the light wavelength, polarization of the transmitted light 
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follows the liquid crystal twist. This ensures maximal transmittance of the known device 
fabricated according to the known method [3] under electric field provided this electric 
field exceeds the threshold value for the particular liquid crystal. In the proposed device 
fabricated according to the proposed method the liquid crystal can have various 
orientation of its optical axis under electric field and to achieve maximal transmittance 
one should have the product of the liquid crystal thickness by its birefringence equal to 
the integer number of the light wavelengths. In this case polarization of the light passing 
the liquid crystal is also twisted to 90° and practically 100% of light are transmitted by 
the second polaroid. 

The aforementioned requirements to the liquid crystal thickness are valid when both 
substrates and both electrodes are transparent and the device according the invention is 
used to display image with the transmitted light. In the case the device according the 
invention is used in reflection mode, one of the aforementioned substrates and the 
electrode deposited on it are made non-transparent (reflective) and for displaying image 
only one polaroid is used. In this case the preferred orientation (twisted, or not; 
configuration of domains) and thickness of the liquid crystal in various areas may be 
calculated with the methods p.W.Berreman, Appl.Phys.Letters, 35, 12 (1974) - 5] 
known for homogeneously aligned nematic structures. To increase the contrast one may 
combine the proposed method with the known one [4] in which retardation films are 
used. According to the proposed method one may introduce dichroic dyes in the liquid 
crystal filling the gap between the substrates and then such device may display images 
without polaroids but due to the light absorption by the dye molecules. The 
aforementioned dye may have dichroic ratio larger than one or smaller and the 
aforementioned liquid crystal may be both chiral or non-chiral. 

There are various methods to create in-plane with the electrodes component of the 
electric field, when it is applied to the liquid crystal. For example, this can be achieved by 
special patterning of the electrodes surrounding the liquid crystal, or by displacing 
dielectric particles by deposing special dielectric films being reliefed as on the liquid 
crystal side so on the substrate side, said particles divide the pixel into parts with 
different orientation of the electric field. Even the pixel edges themselves cause the non- 
uniformity of the electric field in the vicinity of the pixel boarders and therefore they also 
may be used for this purpose. Essential is to create such conditions that electric field 



WO 98/57222 PCT/BY98/00004 

5 " " " 

applied to the liquid crystal has parallel to the substrates components, these components 
have different direction i.e. different azimuth angle in different pixel areas. 

Brief Description of Drawings 

Fig.l displays the cross-section of the liquid crystal display according to [2] in the state 
without (a) and with (b) the electric field applied to the liquid crystal. The display 
consists of the glass substrates 1 with the column 2 and row 3 electrodes deposited on 
them and homeotropically aligning coating 4. Liquid crystal 5, the molecules of which 
are shown as cylinders, is placed between the glass substrates 1 . 

In Fig.2 the top view and the cross-section of the liquid crystal device according the 
invention is shown in the state without (a) and with (b) the electric field applied to the 
liquid crystal. Liquid crystal 5, the molecules of which are shown as cylinders, is placed 
between the glass substrates 1 with the column 2 and row 3 electrodes deposited on them 
and homeotropically aligning coating 4. Different columns of cylinders correspond to the 
domains with different orientation of the liquid crystal (rotated to about 150 degrees in 
the plane of the substrates 1). The arrows show orientation of the liquid crystal in the 
central plane of the device. 

In Fig.3 the top view and the cross-section of the electrodes pattern are shown 
schematically for the segment-type (a) and the matrix-type (b) liquid crystal devices. The 
arrows show the force lines of the electric field. The component of the electric field 
parallel to the substrates is shown at the edges of the electrodes. 

Fig.4 schematically shows the top view and the cross-section of the electrodes. The 
arrows show the force lines of the electric field. The component of the electric field 
parallel to the substrates is shown arising at the slits in the electrodes. 
Fig.5 schematically shows the top view and the cross-section of the electrodes. The 
arrows show the force lines of the electric field. The component of the electric field 
parallel to the substrates is shown arising when different polarity is applied to the 
electrodes comprising the same pixel. 

Fig.6 schematically shows the top view and the cross-section of the electrodes. The 
arrows show the force lines of the electric field. The component of the electric field 
parallel to the substrates is shown arising around the additional dielectric particle with 
the dielectric permittivity different from that of the liquid crystal. 
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In Fig.7 the light transmittance of the device made according to the known method [2] is 
displayed as a function of azimuth angle for the polar viewing angle equal 30 (a) and 50 
(b) degrees. Different curves correspond to different levels of the applied electric field (its 
amplitude in Volts is shown in the brackets). 

In Fig.8 the light transmittance of the device according the invention is displayed as a 
function of azimuth angle for the polar viewing angle equal 30 (a) and 50 (b) degrees. 
Different curves correspond to different levels of the applied electric field (its amplitude 
in Volts is shown in the brackets). 

Detailed Description of the Invention 

According to the proposed method we made liquid crystal display. For this, at the glass 
substrates I 0.5 - 2 mm thick and with linear dimensions from 1 cm to several decimeters 
we deposited by vacuum sputtering column 2 and row 3 transparent electrodes 70-150 
nm thick, made of indium-tin oxide with the surface resistivity 20-2000 Ohm/d. The 
electrodes were patterned photolithographically. At the same surfaces homeotropically 
aligning coating 4, such as lecithin, with the thickness 20-80 nm was spinned and baked. 
The substrates were overlaid with the aligning layers faced to each other, sealed with the 
glue based on epoxy resin and the gap was filled with the liquid crystal with negative 
dielectric anisotropy. The conditions for appearing the component of the electric field 
parallel to the substrates, when this electric field is applied through the electrodes 2 and 3 
to the liquid crystal, were created by one of the methods described below. 
Conditions for appearing the parallel to the substrates component of the electric field 
can be created in various ways. The opposite electrodes in the segment-type liquid crystal 
device can be made of different dimensions, as it is shown, for example, in Fig.3. Then, 
at the edges of the segment, electric field is orthogonal to the substrates not in the entire 
space between the electrodes (Fig.3a). In the matrix-type liquid crystal device (Fig.3b) 
electric field inevitably has the component parallel to the substrates and in the case the 
width of the electrodes 2 and/or 3 is comparable (not more than 3-5 time exceeds) the 
thickness of the liquid crystal iayer, this component is sufficient for dividing the pixel 
into even parts with different orientation of the liquid crystal. In the cases, when the 
pixels should be of larger dimensions (should exceed the liquid crystal thickness many 
times) big number of domains with the electric field substantially non-orthogonal to the 
substrates can be obtained by dividing the electrodes into the parts, as it is shown in 
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Fig.4. Even stronger horizontal component of the electric field can be obtained if even 
and odd parts of the electrode are connected to the electric field sources of the opposite 
polarity, as it is shown in Fig.5. Alternatively, big number of domains with the electric 
field substantially non-orthogonal to the substrates can be obtained by displacing 
between the electrodes at the opposite substrates a big number of particles with the 
dielectric permittivity essentially different from that of the liquid crystal (Fig.6). It can be 
realized by deposing special dielectric films being releafed as on liquid crystal side so on 
the substrate side. 

The device according the invention operates as follows. In the state without the electric 
field the aligning coating 4 aligns the liquid crystal molecules peipendicular to the 
substrates 1. In this state the liquid crystal does not influence the polarization of the light 
passing it and in the crossed polaroids transmittance of the liquid crystal device equals 
zero. When electric field exceeding the threshold for the particular liquid crystal is 
applied to the transparent electrodes 2 and 3, the liquid crystal molecules tend to reorient 
perpendicular to the field. The liquid crystal begins to change polarization of the light 
passing it and transmittance of the liquid crystal device becomes different from zero. 
Existence of the component of the electric field which is parallel to the substrates and 
non-uniformly oriented within the pixel area makes the molecules to decline from the 
normal to the substrates 1 in different directions (Fig.2) in difference to what happens in 
the known device (Fig.l). At various viewing angles different domains have different 
transmittance and the transmittance of the whole pixel equals to some averaged value. 
Due to this, opposite to the transmittance of the device made without creating conditions 
for non-uniform reorientation of the liquid crystal under electric field (Fig.7), inversion 
of the transmittance levels of the liquid crystal display is reduced for all viewing angles 
(Fig.8). 

Tests of the proposed method and the display made by it have evidenced smaller number 
of operations required to make a display in comparison to the nearest Prior Art method 
(multiple illuminations by the ultraviolet light with precise alignment of different 
photomasks are not required). Simultaneously/ the display according the invention 
possesses similarly even angular dependence of the transmittance, high contrast and the 
absence of the inversion of the transmittance levels at oblique observation angles. 



